Uptake of liposomes by cultured mouse bone marrow macrophages: influence of liposome composition and size.
A wide range of liposome compositions have previously been examined in vivo for their ability to affect the uptake of liposomes into cells of the reticuloendothelial (RE, mononuclear phagocyte) system (Allen, T.M. and Chonn, A. (1987) FEBS Lett. 223, 42-46; Allen et al. (1989) Biochim. Biophys. Acta 981, 27-35). In this study we have examined the ability of cultured murine bone marrow macrophages to endocytose liposomes of various compositions and have looked for correlations between the in vivo and the in vitro observations. Compounds which substantially decreased RE uptake of liposomes in vivo, such as monosialoganglioside (GM1) and a novel synthetic lipid derivative of polyethyleneglycol (PEG-PE), also greatly decreased liposome uptake by bone marrow macrophages in a concentration-dependent manner. Lipids which increase bilayer rigidity, such as sphingomyelin (SM) and cholesterol (CHOL), decreased both in vivo and in vitro uptake of liposomes. Likewise, positive correlations were observed between the in vivo behavior of liposomes containing phosphatidylserine (PS) or various gangliosides and the ability of these liposomes to be taken up by bone marrow macrophages. Total liposome uptake by macrophages increased with incubation time at 37 degrees C while very little liposome association with the macrophages was observed at 4 degrees C. Liposome uptake increased with liposome concentration and for liposomes composed of egg phosphatidylcholine (PC) uptake plateaued at 40 nmol lipid per mg cell protein. There was an inverse correlation between liposome size of extruded large unilamellar vesicles and their uptake by macrophages.